NUHTD6 
ISSN: 0149-5720 


UMERICAL 


An international Journal of 
Computation and Methodology 


VOLUME 3 1980 


NUMERICAL HEAT TRANSFER 


An international Journal of 
Computation and Methodology 


W. J. MINKOWYCZ 
Department of Energy Engineering 
University of Illinois at Chicago Circle 
Chicago, Illinois 60680 


(312) 996-3467 


EDITORIAL ADVISORY BOARD 


E. M. Sparrow, Chairman 
Minneapolis, Minnesota 


W. F. Ames, Atlanta, Georgia 

A. J. Baker, Knoxville, Tennessee 

T. Cebeci, Long Beach, California 

B. T. Chao, Urbana, Illinois 

K. C. Cheng, Edmonton, Alberta 

P. M. Chung, Chicago, Illinois 

S.W. Churchill, Philadelphia, Pennsylvania 
G. Comini, Udine, Italy 

E. R. G. Eckert, Minneapolis, Minnesota 
A. F. Emery, Seattle, Washington 

B. Gebhart, Buffalo, New York 

J. Gosse, Paris, France 

E. Hahne, Stuttgart, FRG 

C. W. Hirt, Los Alamos, New Mexico 

B. E. Launder, Manchester, UK 


G. E, Myers, Madison, Wisconsin 

S. V. Patankar, Minneapolis, Minnesota 
R. H. Pletcher, Ames, lowa 

G. D. Raithby, Waterloo, Ontario 

P. J. Roache, Albuquerque, New Mexico 

W. M. Rohsenow, Cambridge, Massachusetts 
V.M. K. Sastri, Madras, India 

F. W. Schmidt, University Park, Pennsylvania 
S. Sideman, Haifa, Israel 

D. B. Spalding, London, UK 

K. Stephan, Bochum, FRG 

C. L. Tien, Berkeley, California 

K. E. Torrance, /thaca, New York 

J. H. Whitelaw, London, UK 

H. J. Wirz, Brussels, Belgium 


Y. Mori, Tokyo, Japan O. C. Zienkiewicz, Swansea, UK 


AIMS AND SCOPE: Numerical Heat Transfer seeks to provide a forum for papers dealing with the methodology and 
with the results of numerical solutions of problems in heat and mass transfer and in related fluid flows. The 
methodology papers should describe new or improved formulations of numerical schemes and/or innovative solution 
techniques. Papers concerned with inputs to the numerical treatment of heat /mass/fiuid flow problems, for instance, 
mathematical modeling of complex physical processes, are also within the scope of the journal. The journal will also 
publish papers that present results of numerical solutions of heat/mass/fluid tlow problems. These results should 
convey new findings for problems relevant either to basic research or to applications. 


EDITORIAL STAFF: Mary A. Phillips, Editorial Director; Judith B. Gandy, Managing Editor. 


MARKETING AND PROMOTION STAFF: F. P. Begell, Publishing Manager, Hemisphere Publishing Corporation; 
Lenore C. Stanoch, Coordinator, Center for Advanced Publishing, McGraw-Hill International Book Company. 


SUBSCRIPTION RATES (four issues per volume, quarterly): Institutions—U.S. $97.50, elsewhere $100.00. In 
order to facilitate the availability of this journal to individuals at a reduced rate, those persons whose affiliated 
library has subscribed may order a subscription at the special discount rate of $33.00 per volume ($35.50 outside 
the U.S.). To qualify for this discount, the individual’s institutional library must be identified on the order card. The 
special reduced rate is available to individuals not affiliated with an institution, but a statement to this effect must 
appear on the order card. Individual subscriptions must be accompanied by a personal check or money order. 


SUBSCRIPTION SERVICE: Shipments will be made only upon receipt of remittance. All orders, remittances, and 
communications related to handling subscriptions, including notifications of change of address, should be sent to 
Hemisphere. Change of address notices should provide the old as well as the new address, including zip code 
number. Changes will become effective within approximately 20 days. Missing copies will be replaced only if valid 
claims are received within 90 days from date of mailing. Replacements will not be allowed if the subscriber fails to 
notify Hemisphere of a change of address or if a copy is misplaced at destination. Request for refund will be 
honored only prior to delivery of issue number 1 of each volume. 


Copyright © 1980 by Hemisphere Publishing Corporation. All rights reserved. Printed in the United States of 
America. The appearance of the code at the bottom of the first page of an article in this journal indicates 
Hemisphere’s consent that copies of this article may be made for personal or internal use. This consent is given on 
the condition, however, that the copier pay the stated per-copy fee through the Copyright Clearance Center, Inc., 
21 Congress Street, Salem, Mass. 01970, for copying beyond that permitted by Sections 107 and 108 of the U.S. 
Copyright Law. Numerical Heat Transfer is owned and published by Hemisphere Publishing Corporation. 


Application to mail at second-class postage rates is pending at Washington, D.C. and additional mailing offices. 
DISTRIBUTION 
United States Outside the United States 


HEMISPHERE PUBLISHING CORPORATION McGRAW-HILL INTERNATIONAL BOOK COMPANY 
1025 Vermont Ave., N.W., Washington, D.C. 20005 1221 Avenue of the Americas, New York, N.Y. 10020 


Editor 
| 

| 

4 

3 a 

4 

tng 

i 

ra 

4 


35 


47 


107 


115 


149 


169 


CONTENTS OF VOLUME 3 


NUMBER 1 


A Semi-|Implicit Calculation Procedure for Flows Described 


in Boundary-Fitted Coordinate Systems S. P. Vanka, B. C.-J. Chen, 
and W. T. Sha 


A Numerical Method for Determining Direct-Contact Heat 
Transfer Rates to a Superheated Evaporating Floating Droplet 
C. A. Kodres, H. R. Jacobs, and R. F. Boehm 


Optimal Control Least-Squares Penalty Finite-Element Analysis 
in Convective Heat Transfer G. R. Karr and T. J. Chung 


Spline Collocation Solution of Combined Radiation-Convection 


in Thermally Developing Flows with Scattering T. C. Chawla and 
S. H. Chan 


Quasi-Three-Dimensional Modeling of Flow in MHD Channels 
R. K. Ahluwalia and E. D. Doss 


Natural Convection Heat Transfer Performance Evaluations 


for Discrete- (In-Line or Staggered) and Continuous-Plate Arrays 
C. Prakash and E. M. Sparrow 


Natural Convection between Two Concentric Spheres: Transition 


toward a Multiceliular Flow J.-P. Caltagirone, M. Combarnous, 
and A. Mojtabi 


Buoyancy Effects on Heat and Mass Transfer in Boundary Layer 


on a Continuous, Moving Horizontal Plate T. S. Chen and 
F. A. Strobel 


Announcement 


NUMBER 2 


Spline-Collocation Solution of Integral Equations Occurring 
in Radiative Transfer and Laminar Boundary-Layer Problems 
T. C. Chawla, W. J. Minkowycz, and G. Leaf 


Forced-Convection Heat Transfer in a Duct Having Spanwise-Periodic 
Rectangular Protuberances E. M. Sparrow and A. Chukaev 


Numerical Solutions to the Partially Parabolized Navier-Stokes 


Equations for Developing Flow in a Channel! R. Chilukuri and 
R. H. Pletcher 


On the Calculation of Turbulent Heat Transport Downstream 
from an Abrupt Pipe Expansion C. C. Chieng and B. E. Launder 


| 
89 
a 4 
131 


Modified Partial-Cell Method for Free-Surface Incompressible 
Flow Simulations S. S. Wang and J. H. Stuhmiller 


Numerical Solution for Fully Developed, Laminar Pulsating 
Flow in Curved Tubes N. J. Rabadi, H. A. Simon, and J. C. F. 
Chow 


Calculation of Variable Property Heat Transfer in Ducts 
of Annular Cross Section Mujeeb R. Malik and Richard H. Pletcher 


Announcement 


NUMBER 3 
Finite-Element Analysis of Nonlinear Conduction Problems Subject 
to Moving Fields Joseph Padovan 


Evaluation of Finite-Element Formulations for Transient Conduction 
Forced-Convection Analysis Earl A. Thornton and Allan R. Wieting 


Natural Convection in a Vertical Channel: |. Interacting Convection 
and Radiation. ||. The Vertical Plate With and Without Shrouding 
E. M. Sparrow, S. Shah, and C. Prakash 


Analysis of Natural Convection Due to Localized Heating in a 
Shallow Water Layer M. A. Yaghoubi and F. P. Incropera 


Steady Periodic Heat Transfer in Fins of Arbitrary Profile A. Aziz 
and T. Y. Na 


Effects of Variable Properties and Internal Heat Generation on 
Natural Convection at a Heated Vertical Plate in Air K. Vajravelu 


Analysis of Nusselt-type Condensation on a Vertical Fluted Surface 
C. B. Panchal and K. J. Bell 


TECHNICAL NOTE 


An Efficient Algorithm for the Numerical Solution of the Transient 
Diffusion Equation with an Implicit Formulation W. W. Yuen and 
L. W. Wong 


TECHNICAL NOTE 


Estimation of Transient Responses by Spectral Analysis of Simulated 
Stochastic Vapor Fraction Fluctuations in Boiling Flow P. K. Jain 
and R. P. Roy 


Addendum 


Announcement 


258 

| 

373 

381 

31 

22 


NUMBER 4 


A New Finite-Element Formulation for Convection-Diffusion 
Problems B. R. Baliga and S. V. Patankar 


Proposal for a New Discrete Method Based on an Assessment 
of Discretization Errors G. D. Stubley, G. D. Raithby, and 
A. B. Strong 


An Improved Solution of Heat and Mass Transfer in Porous Bodies 
M. Strada and R. W. Lewis 


Numerical Solution for Free Convection between Concentric 
Spheres at Moderate Grashof Numbers S. N. Singh and Jhitang Chen 


Buoyancy Effects on Heat and Mass Transfer in Boundary Layers 
Adjacent to Inclined, Continuous, Moving Sheets F. A. Strobel 
and T. S. Chen 


Temperature Distribution in Generalized von Karman 
Rotating-Disk Flows Narendra R. Vira and Dah-Nien Fan 


TECHNICAL NOTE 


Computational Considerations in Free-Molecule Conical Pore 
Diffusion J. O. Mingle 


TECHNICAL NOTE 

Finite-Difference Solution of Boundary-Layer Equations S. K. Dey 
Erratum 

Announcement 

FOLLOWING PAGE 514: 


Title Page to Volume 3 
Contents of Volume 3 
Author Index to Volume 3 
Subject Index to Volume 3 


: 
441 

4 
505 
513 
514 


Ahluwalia, R. K., 67 
Aziz, A., 331 


Baliga, B. R., 393 
Bell, K. J., 357 
Boehm, R. F., 21 


Caltagirone, J.-P., 107 
Chan, S. H., 47 
Chawla, T. C., 47, 133 
Chen, B. C.-J., 1 
Chen, J., 441 

Chen, T. S., 115, 461 
Chieng, C. C., 189 
Chilukuri, R., 169 
Chow, J.C. F., 225 
Chukaev, A., 149 
Chung, T. J., 35 
Combarnous, M., 107 


Dey, S. K., 505 
Doss, E. D., 67 


Fan, D.-N., 483 


Incropera, F. P., 315 


Jacobs, H. R., 21 
Jain, P. K., 381 


Karr, G. R., 35 
Kodres, C. A., 21 


Launder, B. E., 189 
Leaf, G., 133 
Lewis, R. W., 429 


Malik, M. R., 241 
Mingle, J. O., 499 


AUTHOR INDEX TO VOLUME 3 


Minkowycz, W. J., 133 
Mojtabi, A., 107 


Na, T. Y., 331 


Padovan, J., 259 
Panchal, C. B., 357 
Patankar, S. V., 393 
Pletcher, R. H., 169, 241 
Prakash, C., 89, 297 


Rabadi, N. J., 225 
Raithby, G. D., 411 
Roy, R. P., 381 


Sha, W. T., 1 
Shah, S., 297 
Simon, H. A., 225 
Singh, S. N., 441 


Sparrow, E. M., 89, 149, 297 


Strada, M., 429 
Strobel, F. A., 115, 461 
Strong, A. B., 411 
Stubley, G. D., 411 
Stuhmiller, J. H., 209 


Thornton, E. A., 281 


Vajravelu, K., 345 
Vanka, S. P., 1 
Vira, N. R., 483 


Wang, S. S., 209 
Wieting, A. R., 281 
Wong, L. W., 373 


Yaghoubi, M. A., 315 
Yuen, W. W., 373 


tp 
| 
| 
) 
ast, 
+ 


SUBJECT INDEX TO VOLUME 3 


Abrupt pipe expansion, turbulent heat 
transport downstream from, 189 


Boiling flow, estimation of transient responses 
by spectral analysis of simulated stochas- 
tic vapor fraction fluctuations in, 381 
Boundary-fitted coordinate systems, flows in, 1 
tsoundary-layer equations, finite-difference 
solution of, 505 
Boundary layer on continuous, moving 
horizontal plate, buoyancy effects on 
heat and mass transfer in, 115 
Boundary layers adjacent to inclined, con- 
tinuous, moving sheets, buoyancy effects 
on heat and mass transfer in, 461 
Buoyancy effects: 
on heat and mass transfer in boundary layer 
on continuous, moving horizontal 
plate, 115 
on heat and mass transfer in boundary 
layers adjacent to inclined, contin- 
uous, moving sheets, 461 


Collocation methods, using splines for problems 
of radiation-convection in thermally 
developing flows with scattering, 47 

Combined radiation-convection in thermally 
developing flows with scattering, spline 
collocation methods for, 47 

Concentric spheres, at moderate Grashof 
numbers, numerical solution for free 
convection between, 441 

Conical pore diffusion, computational con- 
siderations in free-molecule, 499 

Continuous-plate arrays, natural convection 
heat transfer evaluations for, 89 

Convection and radiation, interacting, 297 

Convection-diffusion problems, finite-element 
formulation for, 393 

Convective heat transfer, optimal control 
least-squares penalty finite-element 
analysis in, 35 

Curved tubes, numerical solution for fully de- 
veloped, laminar pulsating flow in, 225 


Direct-contact heat transfer rates, to super- 
heated evaporating floating droplet, 21 
Discrete method, based on assessment of 
discretization errors, 411 
Discrete-plate arrays, natural convection heat 
transfer evaluations for, 89 
Discretization errors, discrete method based 
on assessment of, 411 
Ducts: 
of annular cross section, variable property 
heat transfer in, 241 
having spanwise-periodic rectangular 
protuberances, forced-convection 
heat transfer in, 149 


Finite-difference solution, of boundary-layer 
equations, 505 
linite-element analysis: 
in convective heat transfer, 35 
of nonlinear conduction problems subject 
to moving fields, 259 
Finite-element formulation: 
for convection-diffusion problems, 393 
for transient conduction forced-convection 
analysis, 281 
Fins, of arbitrary profile, steady periodic heat 
transfer in, 331 
Flow in channel, numerical solutions to par- 
tially parabolized Navier-Stokes equa- 
tions for developing, 169 
Flow in MHD channels, quasi-three-dimensional 
modeling of, 67 
Flows, in boundary-fitted coordinate systems, 
calculation for, 1 
Forced-convection heat transfer, in duct having 
spanwise-periodic rectangular protuber- 
ances, 149 
Free convection, between concentric spheres at 
moderate Grashof numbers, numerical 
solution for, 441 
Free-molecule conical pore diffusion, computa- 
tional considerations in, 499 
Free-surface incompressible flow simulations, 
modified partial-cell method for, 209 


& 
| 
4 
i 
| 
\ 
\ 
2 ks 
. 


Heat and mass transfer: 
in boundary layer on continuous, moving 
horizontal plate, 115 
in boundary layers adjacent to inclined, 
continuous, moving sheets, buoyancy 
effects on, 461 
in porous bodies, improved solution of, 429 
Heat transfer: 
natural convection, evaluations for discrete- 
and continuous-plate arrays, 89 
steady periodic, in fins of arbitrary profile, 
331 
Heat transfer rates, to superheated evaporating 
floating droplet, determining, 21 
Horizontal plate, buoyancy effects on heat and 
mass transfer in boundary layer on 
continuous, moving, 115 


Internal heat generation, on natural convection 
at heated vertical plate in air, effects of, 
345 


Laminar boundary-layer problems, spline 
collocation solution of integral equations 
in, 133 

Laminar pulsating flow, in curved tubes, numer- 
ical solution for, 225 

Localized heating in a shallow water layer, analy- 
sis of natural convection due to, 315 


MHD channels, quasi-three-dimensional model- 
ing of flow in, 67 

Modified partial-cell method, for free-surface 
incompressible flow simulations, 209 

Moving fields, finite-element analysis of non- 
linear conduction problems subject to, 
259 

Multicellular flow, transition toward, 107 


Natural convection: 
at heated vertical plate, effects of variable 
properties and internal heat genera- 
tion on, 345 
resulting from localized heating in shallow 
water layer, analysis of, 315 
between two concentric spheres, 107 
in vertical channel, 297 
Natural convection heat transfer, evaluations 


for discrete- and continuous-plate arrays, 
89 


Nonlinear conduction problems, subject to 
moving fields, finite-element analysis 
of, 259 
Numerical method, for determining direct- 
contact heat transfer rates to super- 
heated evaporating floating droplet, 21 
Numerical solution: 
for free convection between concentric 
spheres at moderate Grashof num- 
bers, 441 
for fully developed, laminar pulsating flow 
in curved tubes. 225 
to partially parabolized Navier-Stokes equa- 
tions for developing flow in channel, 
169 
of transient diffusion equation with implicit 
formulation, algorithm for, 373 
Nusselt-type condensation, on vertical fluted 
surface, 357 


Optimal control least-squares penalty finite- 
element analysis. in convective heat 
transfer, 35 


Porous bodies, improved solution of heat and 
mass transfer in, 429 


Quasi-three-dimensional modeling, of flow in 
MHD channels, 67 


Radiative transfer problems, spline collocation 
solution of integral equations in, 133 


Simulated stochastic vapor fraction fluctuations 
in “oiling flow, spectral analysis of, 381 
Spectral analysis, of simulated stochastic vapor 
fraction fluctuations in boiling flow, 381 
Spline collocation solution: 
of integral equations in radiative transfer and 
laminar boundary-layer problems, 133 
of radiation-convection in thermally devel- 
oping flows with scattering, 47 


emperature distribution, in von Karman 
rotating-disk flows, 483 
Transient conduction forced-convection 
analysis, finite-clement formulations 
for, 281 


| 
| 
ae 
= 
ad 


Transient diffusion equation, with implicit 
formulation, numerical solution of 
algorithm for, 373 

Transient responses, estimation of, by spectral 
analysis of simulated stochastic vapor 
fraction fluctuations in boiling flow, 381 

Turbulent heat transport downstream from 
abrupt pipe expansion, 189 

Two concentric spheres, natural convection 
between, 107 


Variable properties, effects of, on natural 
convection at heated vertical plate, 345 

Variable property heat transfer, in ducts of 
annular cross section, 241 

Vertical fluted surface, analysis of Nusselt-type 
condensation on, 357 

Vertical plate, with and without shrouding, 297 

Von Karman rotating-disk flows, temperature 
distribution in, 483 


of 
4 
é 
4 
A 
ck 
4 
afte 


